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DURALUMIEN
By E. Unger and E. Schmidtb.

Translated from Technische Berichte Vol. III - Section 6.

The use of duralwain in ths construction of aircraft makes
an account of the properties of this material desirable especially

with refersnce to its working gualities as developed by experience.

Composition, Specific Gravity and Melting Point.
Duralumin is made in various compositions ard has, with the

exception of small quantitises of impurities, the following composition:

Alumimam 95.5 to 93.2 percent
Magnasiun . ) n
Copper | 3.5 W 5.5 mo
Mangansse 5 " .8 n

Isad, tin and zinc which, as is well known, have an unfavor-
able influence upon the permanence of alumimun alloys, are not found
in duraslumin.

The specific gravity of durslumin variss according te com-
position and hardness from 2.75 to 2.84. The melting point is about
650° C.

Duralumin is made under this nams by the Durener Metallwerke,
Duren (Rhld), and under the name of Bergmetall by Carl Berg, Eveking

(Wastf.).

Working of Durglumin
Like other metals, duralumin can be rolled into platss and

shapes and bshaves in a similar mamer, in that the elonzation de-

creasas as the bardnsss of rolling increases. - Tube blarks, however,
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can be made only by pressing and not by the obligue rolling method.

Fig. 1 shows the increase in tensile strength and decreass
in elongation of a duralumin plate as its thickness is reduced by cold
rolling from 7 mm. to 2 mm. The strength increases from 41 kg. to
about 54 kg. per sq.mm. while the elongation falls from 22.7 to 2.3 per-
cent. ' The curve shows that the elongatiorn dscreases very rapidly with
the very first reduction in thickness.

However, duralumin can be worked hot at a temparature of

about 400° C. very wall.

Temperi

Duralumin can be tempered, liks steel, by heating and sudden
¢ooling:. For this purposs plates, tubes, and shapes are heated to be-
twoen 480° and 510° and quenched, then aged; that is, the treated
material is simply set aside. The original strength characteristics
are very mBarly restored after the gquenching but the tensile strength
continues to grow with the time of ageing, from 35 to 50 kgs. pevr
sq.mm. The elongati;nn does not decrease but remains at least the same
and usually increases slightly. In practice the gresatest strength is
reachsd after about 5 days of agsing.

Then heated to over 530° C. duralumin becomes umusable. Con-
sequently the treating ls carried on in a bath of nitrates whose tem-
perature can be carefully regulated and watched. During the ageing of
ths metal work cannot bs done on it which would change the section
as in that case the sirength will not incresass any more. After the
completion of ageing, the material can be re-rollad in order to obtain
smooth surfaces. The strength is thereby increased at the expense of

slongation.



-3 -

" Fig. 2 shows the incraass of strength during ageing. The ten-
sile strengths wers datermined by the Ericson test with 0.385 as a coef-.
ficient. This valus was obtainsd from the experiments described below.

Experiments have been made (ses Fig. 3) by the Durenar-Metlall-ﬂ
werke to determire the most favorable quenching temperature, The curve
"a® shows the variation in the strength of duralumin which had been
aged for 4 days with the variation of guenching temperature. Curve "b"
shows the strength imediateiy afte_r ths quéﬁchiﬁg. Ths stréngths
wers determiz.zed in both cases by the Ericson test.

As the material may warp in tempering it is not good prac-
tice to temper riveted paris. Such parts should be tempered before

they are' riveted.

Strength Propertiss

Duraluninl is delivared in various compositiocns which have
different properties according toc the purpose for which .it is intended
to be used. It is therefore important that the concern svpplying '
the materi:;l should be informed regarding the nature of the mrking
proposed., In Table l below are assembled the strength figures of ‘

some duralumin compositions made by the Durener-Mstallwerks.
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Symboj :Condition:Method of :Elastic :Tensile :Elonga- :Modulus :Sections

for 'Preparing l:unig istr ength tion in :of ela.s--availa'.ble
Conpo~ ¢ : kg fom® @ kg/u:m : % -tn.city
sjtion : : : : : : kg/om®
68}b 1/3:tempersd :tempersd :24 to 26:38 to 40: 20 : about : Tubes,
: only ¢ : . : 500 000 plates
: : : : : istrips,tars
4 : : : : : :& shapes.
681b 1,’3 1/2 hord:tempered : 30 :40 to 42:16 to 14:500,000 :Tubes
: send cold ¢ : : : :plates,
: irolled. : : : : :stripsg,bars.
- ‘temperad :tempered :25 to 27:38 to 40:20 to 18: 600 00C :Tubes,
: only _ : : : : iplates,
) : : ' : : H :strips,bars
68la =4 . : : : : :& shapes.
¢ hard :temperad. :30 to 33144 to 48:11 to 10: - :Tubes,
: : & cold H : 3 ‘plates,
: ! rolled @ H : : igtrips,bars
: ; s : : : & shapes
.tempered. -tempered :26 to o8: 38 t-o 42 18 to 15: 600 000 :Pubes,
:oenly 1 : 3 H : tplates,
: ; H H4 H : ¢strips, bars
681h e — : ek : i& shapes.
: HARD :tempered 132 to 34: 45 to 48'11 to 10: :Tubes
14 rand gold H : : ‘plates,
1 : rgl}.e;l } H : : ietrips,bars.
:tempersd. ; quged : 2Q 332 to 34 18 to 14 Shear :Finished
: only : pivets 3 : ‘strength: rivets.
N ; tare fem~ : : Iup to 6 ¢
= ' I pered ¢ $ ¥ smm.diam. 3
: - H ? : :25 kg /mm

b aar 2 T T —— Ty " TP

The medulus of elasticity of the hard cemposition 68la was
foynd by the Technischey Hochschule Aachen to te 700,000 kes, per sg,om,
Meking allpwan¢e for the possible effect of vibtration on the modulus of
elasticity it appears bet.te'r %0 use not more than 650,000 kgs., per sq.
¢m, in computatlions. | _

In jydging as to the suitability of a material for use in
stressed parts not only the tensile strength buv also the duotility is

of great importance. This cap be determined by bernding strips back-
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ward and forward through 180° ever a dsfinite radius - usually 5 to 10 mm.-
the nunber of bends before fracturs being token as a measure. Other
conclusions as to the ductility can be obtained from the Ericson tesi

(see Fig. 4). The plate to be tested is pressed through a ring, b, oy

a hsad, a, until a tear shows on the ypper surface of the sheet. The

depth of the impression is then a measurs of the ductility.

In Table 2 there are compared strength values, numbers of
berds (over 5 mm. radivs and through 180°) and depths of impression

a8 observed on Bergmetall platss and stesl plates of squal thicknesses.

Tahle 2.
Strength . of bends, depths ressiong for Stee Berpmetall.
Steel Bergmetall
Thickness:Strength:Elonga-:No.Bends:Depths:Strength:Elonga~:No.Bends:Depth
of : kg/mm® :tion % : :of im-: kg/mm® :tion % : rof im-
Plate : : B ‘ipress~: : : ‘press-
: : 3 tion mn: : H tion mm.
Q0.5 ¢ 26 : _10.5 : 76 : 7.2 ¢ 47 : 10.5 : 33 : 8.5
1 s 34 - 153 : 26 1 96 a7 $ 11.0 3 3 4.2
2 39 ¢ 12.0: 10 :10.,9: 45 : 11.0. :Fpactur-: 3.4
: : : : : t ged at 90° -
3 LA B Y A 6 ¢ 18 : 48 : 14.1 iFractur-: 3,0
: ; L : T H ted _at 6Q°
4 : : : : : 48 ;9,7 :Practur-: 2.8
: : : H : H jed at-45°

Although the strength values of the steel plates are leis than
those of the duralumin plates, neverthsless one ¢an Gompare the figures
as to number of bends and depths of impression withoup correction, singe
£it is possibls to obtain stesl plate with higher strepgth which also
possesses great ductility.

The mumber of bends (ses Fig, 5) for both metals decreases

with increased thickness., For steel, however, they lie considerably



higher than for duralumin. Ths difference is least for piatos under

<5 mm. in thickness., For thicker plates of duralumin the numbter of
tends decreases very rapidly. A plate 2 mm. thick breaks over a 990
bend; a plate 4 mm. thick over a 45° bend. From these resulis dura-
Junin might be referred to as “cold short"™ for thickressss greater than
1 mm. This property makes it umsuitable for highly stressed parts
which must at the same times withstand vibrations. This is of prime im-
portancs in connection with ths bent lug plates which are ordinarily
used in aircraft for taking wire %erminals. In these lugs vibrations
undoubtedly occur during flight which wouwld reduce the strength of the
duralunin and might cavse sudden fracture.

Exactly how vibrations influence the modulus of elasticity
has not yet veen determined; although experiments along this lins are
already under way.

A compérison,of the dopth of impressioun of steel and dura-
lumin shows (see Fig. 6) that for steel the depta of impression in-
creasaes with the thickness of the material while for duralwnin it de-
Créases. As a result of a peculiarity of the testing machine vsed the
greatest stress occurrsd at a point which was from 5 mm. to 6 mm. from
the vertex of the depression. In this locality the material began %o
flow before cracking. It is obvious that thick plates of ductile
material may be stretohed more easily on the upper surfaces and conse-
qQuently deeper impressious obtained than with thin plates, since for
thick plates more material can flow bafore fracture occurs. A similax
courss of reasoning can be used to explain the dscrease of depth of im-
pression with increasing thicknsss of piéte in ths case of material of

less ductility. On the upper surface of the test pleces thers occur
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high tensile stresees at the point above mentioned, which imcrvase with
ths strength of ths plate. As the material flows only %o a small ds-
gree, CraCks very soon appear and extend into the interior. The pro-
cess described can be followed on ths ssctions of a steel plate of
abtout 40 kgs. per sq.mm. sﬁength and z duralwin pia:be, Fig. 8. The
flow before fracture of the stsel plate is plainly recogrizable whils
the‘duralmin plate shows hardly a sign of it.

Fig. 9 is & photogréph of a test sampls of strong duralumin
plate after fracture in which the material suddsnly split in all di-
rections.

For flanging and press:;mg tempered duralumin is consequently

suitable only in the thin gaugss.

Influencs of heat and cold.

Heat has an important inmfluence on ths strength of duralumin.
According to the results obtained in {ests by the Central Bursau for
Scient-ific Investigation, Neubabslsbarg, when heated the strength
decreases 0% for an increase in temperature of 100° and about 20% for
an increése of 150° (see Fig. 1G). The loss in strength increases
with the increase of temperature; The alongation increases on first
heating to a hardly appreciable extent, while betwsen 150° and 200°
it decreases. At 250° the elongation becomes the sams as at room
temperature., With further heating the slongation increases with in-
croasing temperature. Conseguently wherever duralumin is exposed to
beat the possible decrease of strength must always be considered.

As opposed to the foregoing the influence of cooling on the
strength properties is less unfavorable. The Central Bureau for Sci-

entific Investigation has made tests on this also (see Table 3).
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Tabla 3.
Influsnce of Cold on the Strength of Durelumin.
Tasting :Tho bar wmas: Ponsile Tests : Impact Test
Teupevature: tested in :Limit ofi Ul’c S’c*gngth :Elongation :Work of bpeaking
H :stretch ;' kg/mm : % : kg [
: & straind : -3
4 20° T Air : 24,0 42,5 : 21.9 : 2.6
o ¢  Snow t 23,6 ¢ 43.0 : 21.8 : 2.6
- 20 Mixsturs of : 24,0 :  43.7 : 23.1 ; 2.7
isgow and ¢ : : HE
ttable salt:: : : :
~ 40 :Mixture of : 24.0 : 44.0 : 22.1 : 2.7
isnow & cal-: : : :
icium chlor-: : : :
side. : 3 : :
- 80 :CO0gsnow: R25.2 ¢ 44.4 i 22,7 1 2.7
- 130 iFiquid Air ¢ 32.3 83.7 : 28.7 : 2.6
} 20 : Mr : 23.0 1 42.3 : 23.3 @ 2.6

The sirength and elongation _incraa,se scmewkat with the decre=ase :in tem-
perature. Ths work re r-,a.tw‘d‘ea by %Yo blow im the impact tests is not
decrsased when meterial is e.ffec’oed. by ¢old so that ons can safely as-
suwe that the cold encountered in flight has no unfavorable influsnce
on dquralumin.

Experiments on the inf}uencs of weathering on the strengtn
of duralymin, which have been carrzjed on by the Durener-Metallwerks
for 3 ysaprs, have shown that no observable decreass in the strength

properties can te noticed {sse Table 4),
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Table 4.

Effect of Weatherine on the Strensth of Duralumin.

Pesting = Dec. 1909 : Nov, 13310: Nov. 1911 : Dec. 1912
Data :Strgth:Elong-:Strength:Elong-: Strength : Elong-: Strength:Elong-
Alloy 68la :kg/mmztati_on :kg/mm® :ationm : kg/mm?  : ation : kgfmn® :ation

: : : : % : % : %
Round Bar : 41.7 : 20 : 42,2 : 21 : 42 :_21.1 : 42_.9 - 18,3

Bar (thick): 39.1 : 20 : 38.7 :19.6 : 39.3 :18.9 : 40 : 20
Bar (thin) : 42.0 : 20 : 33,1 :18.0: 38,3 : 18 t  42.3 : 16.5
Wire (thick): 48.0 : 20.1 : 45 : 20.1 : 44.3 :19.7 : 44.5 : 19.8
Wire (thin): 46.3 : 20 : 44 :19.6 : 42.5 187 : 43.2 :18.5

- The Durener-Metalliwerks have slso carried on for about a year,
experiments on the influsnce of the slectrolytic effect from junctions
of duralumin with iron or steel. These were made by riveting duralupin
bars to iron plates and then placing them in artificial sea water. \
There resulted only an insignificant destruction of the iron and a re-
duction in weight of the bars of about .23% so that no considsrations

exist against the use of duralumin and iron junctions in aircraft.

Sumary

Duralunin has a strength of 35 to 40 kgs. per sg.mm. and an
elongation of 10 to 15%. Tho stretching strain limit lies very high,
about 28 to 32 kgs. per sq. meter. The modulus of slasticity is about
600,000 to 700,000 kgs., per sg.cm. It is very brittle especially in

thicknesses above 1 mm. aml consequently sensitive to bending to and

fro (altsrnating).

Bent Plats Fittings, with bent lugs which must resist vibration are

best not made out of duraluwmin but of sheet steel. For stressed parts



- 10 =
which while in flight are eoxpossd to an increase in temperature of
more than 100° C the use of duralumin is objectionable unless a cor-
respondingly smaller strength value is used in computations. Cold
has no harmful inflvence on duraiuvmnin. The joint betwsen iron and
steel and duralumin can be made without electrolytic action occurring.
Pieces, which for better working must be heated, must be in all
cases rs-tempered after completion.

By Starr Truscott,

Aeronautic Engineer,
Bu. C. & R,, U.S.N.
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